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Abstract 
 
 This paper presents an analysis of the polarization characteristics of specular and dense multipath components 
(SMC & DMC) in a large industrial hall based on frequency-domain channel sounding experiments at 1.3 GHz with 22 
MHz bandwidth. The RiMAX maximum-likelihood estimator is used to extract the full polarimetric SMC and DMC 
from the measurement data by taking into account the polarimetric radiating patterns of the dual-polarized antennas. 
Cross-polar discrimination (XPD) values are presented for the measured channels and for the SMC and DMC separately. 
 
1. Introduction 
 
 Over the course of the last decade, the physical view of the radio channel has undergone an important change. 
Before that, the radio channel was commonly considered to be but a collection of SMC that have well-defined discrete 
locations in the different radio channel dimensions (e.g., space, frequency, time, etc.). Nowadays, it is widely accepted 
that part of the radio channel is also continuous across these dimensions. This part is put under the umbrella of DMC [1]. 
Among other sources, these dense multipath components originate from distributed diffuse scattering on electrically 
small objects. Naturally, the introduction of DMC in the physical model of the radio channel means that common radio 
channel parameters have to be re-evaluated for dense multipath as well. This contribution fits within this effort. In this 
paper, we present an analysis of the SMC and DMC cross-polarization discrimination (XPD) parameters in a large 
industrial environment. The analysis is based on frequency-domain channel sounding experiments at 1.3 GHz with 22 
MHz bandwidth. The RiMAX maximum-likelihood estimator is used to extract the full polarimetric SMC and DMC 
from the channel sounding data [1]. 
 
2. Methodology 
 
2.1 Measurement environment and procedure 
 
 The propagation environment under consideration is a large industrial hall located in Zwijnaarde, Belgium. The 
hall has dimensions 21.3 x 77.2 x 12.2 m3 and is dedicated to the research of concrete technology. The main inventory 
consists of large metallic machinery used for, i.a., testing the robustness of concrete structures. The dominant building 
material for walls, floor, and ceiling is concrete. Frequency-domain channel sounding measurements were performed in 
the industrial hall. A vector network analyzer was used to probe the radio channel in a 22 MHz bandwidth centered 
around 1.3 GHz. In this frequency band, 1601 uniformly spaced frequency points were sampled. At both link ends, a 
virtual antenna array was created by an antenna mounted on an automated rotating arm. At both transmit and receive 
side, the virtual array was a planar horizontal uniform circular array with radius 15 cm and consisting of 12 antenna 
elements. As transmitting and receiving antenna, dual-polarized rectangular patch antennas were used. Both antennas 
were 1.60 m above ground level during measurements. In total, 29 Tx–Rx links were measured under either strong Line-
Of-Sight (LOS) or Obstructed LOS (OLOS) conditions. 
 
2.2 Specular and dense multipath estimation 
 
 Typically, the full polarimetric measured channel matrix ࡴ is given by: 
 
ࡴ ൌ ൤ࢎࡴࡴ ࢎࡴࢂࢎࢂࡴ ࢎࢂࢂ൨ (1) 
 
 The sampled array response vector ࢎࢄࢅ ∈ ԧெೃெ೅ெಷൈଵ can be written as the sum of an SMC part ࢙ࢄࢅ and a DMC 
part ࢊࢄࢅ. The subscripts ܺ and ܻ denote the polarization of the receiving and the transmitting antenna, respectively: ܺ 
and ܻ are either horizontal (ܪ) or vertical (ܸ). It is commonly assumed that ࢎࢄࢅ follows a multivariate circular 
symmetric complex Gaussian process [1]: 
 
ࢎࢄࢅ ൌ ࢙ࢄࢅ൫ࣂ࢙,ࢄࢅ൯ ൅ ࢊࢄࢅ൫ࣂࢊ,ࢄࢅ൯ and ࢎࢄࢅ ~ ஼ࣨ ቀ࢙ࢄࢅሺࣂ࢙.ࢄࢅሻ, ࡾࢄࢅ൫ࣂࢊ,ࢄࢅ൯ቁ (2) 
 
 The parameter vector ࣂ࢙,ࢄࢅ groups the parameters associated with the SMCs. On one hand, these include the 
geometrical parameters that locate the specular path in the propagation environment: the angles of arrival and departure 
and the time-delay of arrival. The geometrical SMC parameters are identical across all four polarization subchannels ܻܺ. 
On the other hand, ࣂ࢙,ࢄࢅ also includes the complex amplitude ߛ௑௒ of the SMCs. The complex amplitude will differ 
between different polarization subchannels because of the polarization-dependency of electromagnetic interactions 
(reflections, diffractions, etc.). 
 
 The DMC power delay profile ߰௑௒ሺ߬ሻ as a function of time delay ߬ is described by an exponential decay: 
 
߰௑௒ሺ߬ሻ ൌ ߙଵ,௑௒݁ି஻೏,೉ೊ൫ఛିఛ೏,೉ೊ൯ ൅ ߙ଴,௑௒ (3) 
 
In (3), ߙଵ,௑௒, ܤௗ,௑௒, ߬ௗ,௑௒, and ߙ଴,௑௒ are four parameters which fully describe the DMC of polarization subchannel ܻܺ 
and are gathered into the DMC parameter vector ࣂࢊ,ࢄࢅ. Maximum-likelihood estimators of ࣂ࢙,ࢄࢅ and ࣂࢊ,ࢄࢅ are obtained 
from the channel sounding data using the iterative RiMAX multipath estimation algorithm [1]. The de-embedding of the 
full polarimetric complex radiation patterns of the measurement antennas is based on the concept of the Effective 
Aperture Distribution Function (EADF) detailed in [2]. 
 
3. Results 
 
3.1 Specular and dense multipath power 
 
 In this section, the total measured power PT as well as the estimated SMC and DMC power (PSMC & PDMC) are 
investigated as a function of shadowing situation and Tx–Rx distance. Small-scale fading was removed by averaging 
over the 12x12 = 144 possible combinations of Tx and Rx antenna array elements and the 4 Tx–Rx polarization 
combinations. Fig. 1 presents power versus distance for LOS (left) and OLOS (right). The results indicate that the power 
is decreasing with distance as expected but also that it fades more rapidly for OLOS scenarios. The contribution of the 
SMC to the total power is larger for LOS than OLOS due to the high contribution of the LOS component. Furthermore, 
the SMC and DMC power show a strong correlation of 90% (LOS) and 95% (OLOS). This can be explained by the fact 
that the DMC can be interpreted as the non-coherent superposition of paths with weaker SNRs which still follow the 
same propagation mechanisms as the SMC. The DMC to total power ratio PDMC/PT for LOS (OLOS) has a mean value of 
14.3% (40.5%) and standard deviation of 7% (10%) in agreement with recently reported values for indoor [3] and 
industrial environments [4]. 
 
 
 
Fig. 1: PT, PSP, and PDMC (in dB) as a function of distance (in m) for LOS (left) and OLOS (right) scenarios. 
 
3.2 XPD of measured channels 
 
In this section, the XPD values are studied from the measured polarimetric channels ࡴ. The small-scale variations are 
removed by averaging over the 144 combinations of Tx and Rx antenna array elements. The XPD for H and V for each 
position are given by: 
 
ܺܲܦுሺdBሻ ൌ 10 logଵ଴ 〈|݄ܪܪ|
2
|݄ܪܸ|2〉 (4) 
ܺܲܦ௏ሺdBሻ ൌ 10 logଵ଴ 〈|݄ܸܸ|
2
|݄ܸܪ|2〉 (5) 
 
Table I presents the XPDH/V values averaged over the LOS and OLOS links separately. In spite of the fact that the 
reported XPD values are close to those found in the literature for indoor environments [5–7], it is noted that there is 
slightly more depolarization for V than for H. 
 
TABLE I 
Measured XPD values (in dB) 
 
 <XPDH> <XPDV> 
LOS 12.2 11.05 
OLOS 8.48 7.58 
 
3.2 XPD of specular and dense multipath 
 
In this section, the XPD values are calculated for the SMC and DMC separately. Per Tx–Rx link, XPDH/V is calculated 
for each individual specular path based on the estimated complex amplitudes ߛ௑௒ of that path. It is worth to mention that 
RiMAX estimated on average around 200 specular paths per Tx–Rx link. For the DMC, XPDH/V is calculated based on 
the total DMC power for each of the four H/V combination (i.e., the integral of (3)). 
 
Fig. 2 presents the statistics of XPDH and XPDV as a function of distance for both LOS and OLOS scenarios. The LOS 
component has been removed to avoid any strong bias as this component does not suffer from depolarization 
mechanisms. Boxplots were used to assess the XPD distribution of the SMC. For comparison, the averaged XPD of the 
measured channel and the DMC are also shown. From Fig. 2, it is observed that SMC, DMC, and measured XPD do not 
correlate heavily with distance. 
 
 
 
Fig. 2: SMC, DMC, and measured XPD values (in dB) as a function of distance (in m) for H (left column) and V (right column) and for LOS 
(top row) and OLOS (bottom row) scenarios. 
 
Table II summarizes the XPD values averaged over distance. For the SMC, the median value (.)0.5 of the path XPDs per 
location is averaged. For the SMC, the power imbalance between <(XPDH)0.5> and <(XPDV)0.5> contrasts with the 
averaged XPD computed directly from the measured channels (Table I). The results demonstrate that the propagation 
characteristics are rather different between V and H polarized specular paths. This could be attributed to the Brewster 
angle effect for H polarized transmission [8–9]; this effect could be potentially important in an environment where a large 
number of machines and metallic/concrete scatterers can be found in the azimuthal plane of the antennas. It is known that 
the V depolarization is strongly dependent on the elevation angle. Reflections off the high ceiling will most likely have 
high elevation angles, giving rise to smaller XPDs. However, these reflections will likely be heavily attenuated because 
of their large path length. Instead, the Rx will most likely receive high SNR signals from single-bounce scattering off the 
floor and scatterers spread out between Tx and Rx since both arrays are at the same height. These V polarized paths are 
not expected to suffer much from depolarization due to their low elevation angles. The prevalence of low elevation 
angles is confirmed by the fact that 90% of the estimated paths arrive with an elevation angle smaller than 50° (20° at 
70%). 
 
The average XPD values for the DMC in Table II are larger than the 0 dB value recently reported in indoor environments 
[7]. This shows that full DMC depolarization is not achieved in this large volume environment. Again, this may be 
attributed to the position asymmetry of the arrays when measuring the environment due to the high ceiling. It appears that 
DMC depolarization is almost constant across H/V and LOS/OLOS with a mean value of 4.45 dB and standard deviation 
less than 3 dB for distances greater than 15 m. The SMC and DMC XPD values for H are very close highlighting the fact 
that they are both affected by the same propagation effects. Conversely, a larger depolarization is observed for V 
polarized DMC compared to V polarized SMC. Hence, the depolarization for V channels is strongly provided by DMC 
propagation mechanisms. 
 
TABLE II 
Averaged Median XPD for SMC and Averaged XPD for DMC (in dB) 
 
 SMC DMC 
 <(XPDH)0.5> <(XPDV)0.5> <XPDH> <XPDV> 
LOS 5.72 11.53 5.29 5.17 
OLOS 6.11 9.98 6.84 4.16 
 
4. Conclusion 
 
 In conclusion, the polarization characteristics of SMC & DMC have been investigated in a large industrial hall, 
based on frequency-domain channel sounding experiments at 1.3 GHz with 22 MHz bandwidth. 29 positions were 
measured under either strong LOS or OLOS scenarios. The full-polarimetric SMC and DMC were estimated with 
RiMAX by de-embedding the polarimetric radiating patterns of the dual-polarized antennas. Measured XPD values were 
shown to be in agreement with smaller volume indoor environments. Strong de-embedded SMC depolarization is 
observed for H in OLOS scenarios. On the other hand, DMC depolarization is observed to be rather strong compared to 
previous studies due to the high ceiling but uniform across all scenarios, polarization, and distances. The results also 
show fractional DMC power of 15% for LOS and 40% for OLOS with no significant monotonic relationship with the 
transmitter-receiver distance and correlation between each other. Finally, a mean reverberation time of 70 ns with low 
standard deviation validates the room electromagnetics theory for transmitter – receiver distances larger than 15 m with 
no significant difference between polarized subchannels. 
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